Physician, St. David's Hospital, Cardiff The purpose of this paper is to assess the value and risks of long-term steroid therapy in severe chronic asthma. The observations are based on 317 asthmatic out-patients treated with steroids for periods of from four months to seven years, with an average duration of two and a half years: 205 have been on steroids for over two years, 118 for over three years, 46 for over four years, and 12 for over five years.
Steroids were first described as beneficial in asthma by Bordley et al. (1949) . The Medical Research Council (1956a) confirmed their efficacy in status asthmaticus but doubted their value in the long-term treatment of chronic asthma (M.R.C., 1956b).
There are now many favourable reports on the value of long-term steroid therapy in chronic intractable asthma (Gay et al., 1954; Arnoldsson, 1958; Williams, 1959; Phear et al., 1960; Serafini, 1960; Andersson and Bruun, 1960; Herxheimer, 1961; Pearson et al., 1961; Livingstone and Davies, 1961; Baldwin et al., 1961) . That there is still confusion of thought on this subject is shown by the recent communications of Grant (1961) , Asher (1961) , Maxwell (1961) , and Hart and Emerson (1961) .
Materials and Methods Care has been taken to include only patients with asthma, which we have defined as recurrent spontaneous attacks of dyspnoea and wheeziness, commonly occurring at night, due to a functional bronchiolar obstruction with a characteristic pathology (Gough, 1960) . The numbers of patients with associated conditions are shown in Table I . Care was taken to include only those with " chronic intractable asthma " in whom all other measurev had failed; 133 patients (42%) had had repeated status asthmaticus. The pretreatment assessment is shown in Table IV . Of these 317 patients, 84% were to a greater or less degree chronically incapacitated, 32% permanently so. All of the 16% not incapacitated had considerably disturbed sleep at night and were dyspnoeic on exertion in spite of treatment. During the last two years all patients *Now at Liandough Hospital, Cardiff.
had simple lung-function tests before and during steroid therapy. No patients were started on steroid therapy unless they had a very low forced expiratory volume in 1 second (F.E.V.1) and forced vital capacity (F.V.C.), and none were maintained on steroid therapy unless there had been a marked increase in the F.E.V.1 and F.V.C. over an initial period of two weeks. This improvement was generally maintained except when other factors such as a chest infection supervened.
We would regard as a typical response an F.E.V., of 750 ml., an F.V.C. of 1,533 ml., and an F.E.V.% 48; 14 days later F.E.V.1 2,233 ml., F.V.C. 3,400 ml., and F.E.V. % 60.
Patients were skin-tested as indicated by the clinical history and hyposensitization was carried out in appropriate cases. An E.N.T. surgeon (Mr. Alun Thomas) and a psychiatrist (Dr. Cyril Jenkins) examined and treated appropriate patients.
The age-and-sex distribution is shown in Table II Patients were seen at the clinic at regular intervals from twice a week to once every two months, depending on their clinical condition and proper understanding of the use of steroids and symptomatic therapy. All had a " steroid " card. Patients were seen by a health visitor, who noted the degree of control of attacks, use of steroid, weight, height, blood-pressure, carried out urinalysis, and arranged an x-ray examination of the chest and dorso-lumbar spine. For the first four years the review by the health visitors and x-ray examinations of the chest and spine were carried out every three months. This period was extended to six months over the next three years. During the last year of the study the interval between x-ray examinations was extended to one year. A barium-meal examination was done if Results There were two deaths from asthma. Case 1.-A man aged 42 who had had asthma for nine years and had been on prednisone 5 mg. b.d. for nine months died within a few hours of admission to bospital from status asthmaticus. He had had two previous attacks, Necropsy showed typical mucus plugging of the bronchioles; the adrenal glands were normal.
Case 2.-A man of 59 who had had flexural eczema and asthma since infancy died at home from status asthmaticus.
Necropsy was not performed. During his last three years he had had three a-ttacks of status asthmaticus. He had been on prednisone 5 mg. b.d. for four years.
Status Asthmaticus.-Fifteen patients (4.4%) had repeated attacks of status asthmaticus and 22 (7%) had isolated atacks. Thus status asthmaticus occurred in 37 patients (12%).
Discontinuation of Therapy.-Fourteen patients (4.4%) were able to stop steroid therapy for periods of over six months and another six (2%) up to six months, but all still had mild asthma.
Relief of Symptoms.- Table IV shows the assessment of the severity of asthma before steroids were given and at the most recent interview. It will be seen that 56% of the 317 patients are now in grade I or 2-that is, only mild asthma and easily controlled-whereas originally there were none in these grades. There are 23% in grade 3 compared with 16% before treatment.
Before steroid therapy was started 84% were in grades 4-6, whereas now there are 21 % in these grades. In the M.R.C. (1956b) trial 36% were unable to work and 26% worked part-time only, so that our series contains more severe cases. Our figures show that on steroids 1 % (instead of 6%) were still totally disabled and severely ill; another 4% (instead of 26%) were unable to work; and another 16% (instead of 52%) still lost considerable time from work. Thus there is a failure rate of 5 to 21 % (depending on the standards set). Even patients assessed as failures claimed some benefit, so we did not feel justified in stopping steroid therapy.
Complications and Side-effects There were no deaths in this series directly or indirectly attributable to steroid or corticotrophin therapy.
Operations.-Seven major and 24 minor operations were successfully performed under increased steroid dosage and four minor operations were successful without increased dosage.
Pregnancies.-There were nine full-term pregnancies with no maternal or foetal deaths. There were eight indigestion persisted for 14 days or longer. Osteoporosis.-Radiological reports of osteoporosis were made in 32 patients (10.1%) and compression fracture of the spine was found by routine x-ray examination in four of these (1% of the series) (see Table V ). These four patients did not have back pain and the central nervous system was normal on examination. Four women had fractured ribs, and another woman had an accidental fracture of tibia. (Table V) .
Peptic Ulcers.-The low incidence of new peptic ulcers-1.9% of this series-over the whole period of the survey was surprising. Arnoldsson (1960) , in Sweden, carried out routine barium-meal examinations (at intervals of about four months, irrespective of indigestion) and found an annual incidence of 5.3% of new peptic ulcers in patients on steroids, and 5 % of asthmatics not on steroids had peptic ulcers at a single examination (Arnoldsson, 1958) . That there were no perforations, and the fact that there were only two haemorrhages from peptic ulcers suggests that, with care, the complication of peptic ulceration in steroid therapy need not be a serious risk.
Allergic Reaction to Corticotrophin.-Studies of pituitary adrenal function were not carried out, but there were no obvious differences in the clinical results in the group treated with corticotrophin as well as steroids. The high incidence of allergy (19.5%) to corticotrophin and its attendant risk of death (Arnoldsson, 1958; Pearson, 1958) has influenced us in not now using it routinely, especially as corticotrophin is such an effective treatment for status asthmaticus.
Adrenal Suppression.- Paris (1961) , of the Mayo Clinic, after a review of the literature, considered further evaluation necessary to see if intermittent corticotrophin administration during long-term steroid therapy would decrease the severity of complications of post-operative collapse and death. No case of post-operative collapse occurred in this series.
Failure Rate.-The failure rate of 5 to 20% is in agreement with the literature, which records rates from about 10% (Andersson and Bruun, 1960; Phear et al., 1960; Baldwin et al., 1961) to about 30% (Arnoldsson, 1958; Pearson et al., 1961) . Our low failure rate may be explained by our care to exclude patients with bronchitis from this series. The causes of failure were repeated chest infections or psychological reasons, but in many there was no obvious cause.
Deaths from Asthma
Before steroids were freely available mortality rates from asthma were reported as being 5% in asthmatics of all ages (Unger, 1945 : McCracken. 1950 In this series there were only two deaths (0.6%) from asthma in 317 patients treated for an average period of two and a half years and 42% of whom had had recurrent status asthmaticus. Our previous experience of 3 deaths (9.4%) in 32 patients treated with intermittent short courses of steroids (Williams, 1959) suggests that long-term therapy is better in the severely chronically ill asthmatic. The reduction in the death rate from asthma is a major point favouring the use of steroids in chronic asthma. The two deaths that occurred might possibly have been avoided had the dose of steroids been promptly increased early in the terminal illness.
It is important that in severe exacerbations not responding to simple measures the patient should seek medical attention early on, the dose of steroids should be increased, and when necessary antibiotics should be used.
The frequency of status asthmaticus has also been reduced: 42% had repeated status asthmaticus prior to treatment and now only 4.4 % have recurrent severe attacks. This reduction in its frequency, particularly in view of its high mortality (Leigh and Rawnsley, 1956 , and see above) is another factor favouring long-term use of steroids.
Symptomatic Improvement
The sustained symptomatic improvement on long-term steroids shown in Table IV reflects the considerable symptomatic relief and reduction of incapacity given to a group of patients for whom little could be done without steroids. It is perhaps worthy of mention that we have not found that steroids became ineffective with long-continued use. We have found, as the occurrence of status asthmaticus in some of our cases shows, that from time to time there is a variation in the degree of asthma and sometimes obviously a complete temporary failure, but this is related to factors affecting the asthma, such as stress, naso-respiratory infection, and exposure to allergens such as pollens and mould spores, and not to the duration of steroid therapy.
Dose of Steroids and Weaning
It has been shown that the incidence of side-effects of steroids increases steeply when the dose of prednisolone or its equivalent is above 15 mg. daily (Black et al., 1957) , and we have constantly tried to find the minimum effective dose of steroid which, with the free use of an inhaler and/or ephedrine or aminophylline, would allow the patient to lead an active and reasonable life. Only three of our patients were having 15 mg. of prednisone a day, all the rest were having 10 mg. or less. In our series 420% of patients were controlled on half to one tablet daily, which is in accordance with the findings of Shuster and Williams (1961) . They found that the therapeutic efficiency of small doses of steroids is due to summation of endogenous and exogenous steroids and that these small doses do not suppress secretion by the adrenal glands.
Whenever the steroids could be discontinued this was done. The difficulties of weaning have been well brought out by Knowles (1961) . He found that the most easily weaned patients were those whose asthma was seasonal, and that there was a marked tendency for treatment to be continuous with asthma of late onset -that is, after 30 years of age. It is of course generally accepted that the type of asthma developing or becoming worse in middle age or later is the type particularly apt to become chronic and intractable. Over a half of our patients (54%) were over 50 years and 25% over 60. In the M.R.C. (1956b) trial only 22% were over 50 and none were over 60. We have not included any seasonal asthmatics requiring steroids for three months or less. In only a very small proportion (4.4%) of our series were we able to discontinue therapy and then only temporarily. In a different series one of us (Williams, 1959) found that of 202 patients started on steroids 40% were able to discontinue them.
It depends on the degree of severity and chronicity of the asthma whether or not steroids can be discontinued. Although every effort should be made to discontinue their use, patients should be kept under observation for at least 12 months after this is done, for there is the real risk of death from status asthmaticus (Pearson et al., 1961) . Due regard must be paid to their previous state and their liability to status asthmaticus. There is, of course, a constant need to try to find and treat underlying precipitating causes of asthmatic attacks in patients on steroids.
Conclusion
We would agree with Grant (1961) that every attempt should be made to avoid giving steroid therapy continuously, but that in many cases it is the only effective treatment available: some patients can be kept well by occasional short courses, but these are the exceptions in cases of true chronic asthma. The benefits of well-managed corticosteroid therapy far outweigh the risks involved. Summary Results and side-effects of prolonged treatment of 317 patients with steroids and corticotrophin are described: in 205 of them for over two years, in 118 for over three years, and in 46 for over four years. All were patients in whom all other mneasures of treatment had been tried but had failed. Patients were given the smallest dose of steroid to keep them reasonably but not totally free from asthma; 58% had one and a half to two tablets of prednisone or its equivalent daily and 42% half to one tablet daily.
It would appear that the long-term use of steroids has reduced the frequency of status asthmaticus and the numbers of deaths from asthma.
Striking clinical improvement occurred in 56%. There was a complete failure of 5%.
There were no deaths attributable to steroids or corticotrophin. Four Corticosteroid therapy is now being used with increasing frequency for the treatment of a wide variety of disorders. Some of these are diseases which are likely to necessitate the steroid therapy being continued indefinitely, but some of the disorders treated will have a self-limitino course so that the corticosteroid therapy may be eventually stopped. The adrenal inhibition which results from such steroid therapy becomes important only when the therapy is stopped. That the patient's own adrenal activity should be inhibited during corticosteroid therapy is inevitable unless corticotrophin is given as well. But after the period of steroid therapy has ceased there may persist for a greater or less period of time a sluggishness of reaction of the whole or some part of the pituitary-adrenal axis. The resultant impairment of adrenal function is not easy to assess objectively, but clinical experience suggests that there is a wide individual variation in the rate of recovery (Bayliss, 1958) . Indeed, the suggestion was early made (Salassa et al., 1953; Lewis et al., 1953 ; Hayes and Kushlan, 1956 ) that impaired adrenal function may persist in some patients for months or even years after treatment has been stopped.
A variety of methods for testing pituitary and adrenal function in such circumstances have been proposed at various times (Forsham et al., 1950; Engleman et al., 1953; Christy et al., 1956; Holub et al., 1959; Amatruda et al., 1960) , but these are generally either too difficult to apply to many routine clinical situations or do not sufficiently test out the whole pituitary-adrenal axis. It would be of great clinical value to have some simple way in which to pick out those patients in whom the recovery of adrenal function was delayed, but to be useful it must be one which tests out the whole pituitaryadrenal axis.
A strong natural stimulus to corticotrophin release is provided by an abnormally low plasma cortisol level. This indeed is the basis of the tests using the 11-betahydroxylase inhibitor, metopiron (SU 4885). But the same stimulus is automatically provided when the steroid therapy is suddenly stopped, for then the adrenal is atrophic and inert and the plasma cortisol level falls to near zero. Recovery of adrenocortical function and rise of plasma cortisol to normal levels can then occur only if the corticotrophin-releasing centres are sensitive to the stimulus of low plasma cortisol and can act on the adrenal cortex. A spontaneous rise of plasma cortisol to normal levels will thus indicate recovery of pituitary-adrenal function. The only important
